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Course name: MATH 530  Numerical Solutions of Partial Differential Equations
	
Department: Mathematics
	Semester

	
	
	
			2

	
	                               
                                        Methods of Education
	
Credit (ECTS)

	
	Lecture
	Recitation/
(Etud)
	Lab
	Project/Field Study
	Homework
	Other
	Total
	8

	
	42
	0
	0
	48
	60
	 90
	240
	

	Language
	English

	Compulsory/Elective
	Departmental Elective

	Prerequisites
	Undergraduate courses in partial differential equations and in numerical methods such as  ODE, PDE,Numerical Analysis I and Numerical analysis II 

	Course Description
	Introduction to the Elementary Theory of Partial Differential Equations. Well Posedness for Partial. Differential Equations.  Finite Difference Method for Elliptic and Parabolic Equations.  Iterative Methods. Finite Difference Discretization of Hyperbolic Equations. Systems of Partial Differential. Equations and Their Numerical Solutions.

	Course Contents




		Weeks
	Subjects

	       1
	Introduction: Some physics behind the PDEs 

	2
	Parabolic equations in 1-D 
· Explicit and implicit finite difference schemes 
· Truncation errors and consistency 

	3
	· Stability analysis: matrix method, maximum principle, Fourier analysis, energy method 
· Maximum principle and convergence 

	4
	· Lax equivalence theorem 
· Practical/strict stability 

	5
	· General boundary conditions and nonlinear problems 

	6
	 Parabolic equations in 2-D  
· An explicit method 
· ADI methods 

	7
	 Parabolic equations in 2-D  
· An explicit method 
· ADI methods 

	8
	Hyperbolic equations  
· Method of characteristics 

	9
	· CFL condition and Fourier analysis

	10
	· Upwind scheme and Lax-Wendroff scheme 
·  Finite volume schemes 

	11
	· Finite volume schemes 
·  Conservation properties

	12
	Elliptic Equations 
· Basic iterative schemes 
· Curved boundaries d. 

	13
	· Multigrid method d. 
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	· Boundary integral method 
· Finite element method 




	Course Objectives

	The course introduces various numerical techniques, especially the finite difference method for solving different types of partial differential equations. The main numerical issues such as convergence and stability are discussed.


	Learning Outcomes and 
Competences
	
Students who successfully complete the course will be able to:
· learn the principles for designing numerical schemes for PDEs, in particular, finite difference schemes,
· make a connection between the mathematical equations or properties and the corresponding physical meanings,
· analyze the consistency, stability and convergence of a numerical scheme,
· identify what kind of numerical methods are best suited for each type of PDEs (hyperbolic, parabolic and elliptic),
· use a programming language or math software (Matlab, Maple or Mathematica) to implement and test the numerical schemes.

	Textbook and /or References

	Textbook:
·  Morton K.W. and Mayers D. F. , Numerical Solution of Partial Differential Equations, Cambridge, 2nd Edition.
· Smith, G. D. (1985). Numerical Solutions to Partial Differential Equations, Oxford University Press. 
References: 
· Hoffman, J. D., Frankel, S. (2001). Numerical methods for engineers and scientists. CRC Press. 
· Lapidus, L., Pinder, G. F. (2011). Numerical solution of partial differential equations in science and engineering. John Wiley & Sons. 
· Burden, R., Faires, D., Burden, A. M. (2015). Numerical Analysis. Cengage Learning. 

	Assessment Methods and Criteria




	
	Quantity
	Percentage%

	
	Mid-terms
	1
	25

	
	Quizes
	0
	0

	
	Assignments
	4
	25

	
	Attendance
	0
	0

	
	Practice
	0
	0

	
	Project
	1
	20

	
	Final Examination
	1
	30

	
	Total
	7
	100

	ECTS Allocated Based on 

Student Workload
	Activities
	Quantity
	Duration
	Total Work Load

	
	Course Duration
	14
	3
	42

	
	Hours for off-the-c.r.study
	14
	5
	70

	
	Assignments
	4
	20
	80

	
	Mid-terms
	1
	10
	10

	
	Project
	1
	20
	20

	
	Final Examination
	1
	18
	18

	
	Total
	35
	72
	240

	Instructors
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